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Objective: This study was undertaken to determine whether a complicated aortic neck is associated with unfavorable
outcome after abdominal aortic aneurysm (AAA) endografting.
Methods: In a prospective pivotal clinical trial, 237 consecutive patients underwent implantation of the bifurcated Talent
Low Profile System. Patients were divided into 2 groups, those with complicated aortic necks (short,<15mm; very short,
<10 mm; dilated, >28 mm; angulated, >45 degrees; calcified; and thrombus-lined) versus those with uncomplicated
neck anatomy. Major outcome parameters included procedure time, operative blood loss, transfusion requirements,
volume of contrast medium used during the implant procedure, endoleaks, migration, limb patency, AAA regression,
conversion to open repair, morbidity, and mortality. Mean follow-up was 620.5 days.
Results: Overall, 32% of aortic necks were short, 19% were very short, 20% were dilated, 18% were calcified, 8.5% were
thrombus-lined, and 19.9% were angulated. Thirty percent and 70% of patients, respectively, were stratified to the
uncomplicated and complicated groups (P < .01. Procedure time, operative blood loss, transfusions, volume of contrast
medium used in the implant procedure, migration, endograft patency, AAA sac regression, conversion to open repair, and
mortality were not significantly different in necks with complicated versus uncomplicated anatomy. At 21 months, sacs
were regressing or stable in 98% (complicated) versus 96% (uncomplicated). Primary graft limb patency was 100% in both
groups. The endoleak rate was 4.3% (complicated) versus 17% (uncomplicated) at 18 months, but this difference was not
statistically significant. Adverse renal events, however, occurred in 27.5% (complicated) versus 13.6% (uncomplicated;
P  .04).
Conclusions: Complicated aortic neck is not associated with unfavorable outcome at midterm follow-up after AAA
endografting. However, statistically more adverse renal events occur in patients with complicated neck anatomy. (J Vasc
Surg 2004;40:1074-82.)An adequate proximal aortic neck is of fundamental
importance in achieving durable fixation and seal during
endovascular repair of abdominal aortic aneurysm (AAA).
The most favorable proximal neck inclusion criteria have
generally included neck length at least 15 mm, neck diam-
eter less than 28 mm, angle between the proximal aortic
neck and the main axis of the AAA less than 45 degrees, and
absence of circumferential calcification, thrombus, and ul-
ceration (Fig 1). In addition, the ideal proximal aortic neck
has parallel walls, rather than trapezoidal or funnel-like
features. Consistently, industry-sponsored US Food and
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1074Drug Administration (FDA)–approved clinical device trials
for endovascular aortic aneurysm repair (EVAR) have rig-
orously defined aortic neck inclusion criteria thusly. Alter-
natively, during the pivotal Talent Low Profile System
(LPS; Medtronic) bifurcated endograft trial, investigators
were given more latitude in selecting patients for EVAR, so
as to include those with potentially more “complicated”
proximal neck anatomy. The pivotal Talent LPS prospec-
tive trial provides the first opportunity to assess the short-
term and midterm results of EVAR in a subset of patients
with complicated neck anatomy who have been historically
excluded from endografting in clinical device trials con-
ducted in the United States. The purpose of this analysis
was to determine whether complicated proximal aortic
neck anatomy is associated with unfavorable outcome after
EVAR.
METHODS
This study was a retrospective analysis of multicenter
data prospectively collected during the pivotal Talent LPS
clinical trial. Detailed descriptions and technical specifica-
tions of the Talent LPS device and delivery system have
been published.1 In short, the Talent design features a
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inlayed into woven polyester fabric. The stent spacing is
discontinuous along a full-length nitinol wire. The nitinol
connecting wire provides column strength, and prevents
twisting and longitudinal infolding during deployment.
The radial sealing strength anchors the device proximally
without hooks or barbs, and allows for limited reposition-
ing during deployment. A transrenal, “bare spring,” or
open architecture design provides the opportunity for su-
prarenal fixation (Fig 2). The “bare spring” extends 16 mm
above the fabric; the junction is identified by opposing
figure-of-eight marker bars. The suprarenal architecture
functionally does not contribute to the seal zone, but to
proximal fixation. Conceptually this feature was engineered
to permit successful treatment with shorter length necks.
Patients were selected for inclusion in the study by each site
investigator, and endograft size was based on collaboration
betweenMedtronic engineers and the site investigator. The
Talent LPS investigators are listed in the Appendix, online
only.
For the purpose of this study, patients were divided into
2 groups, those with complicated aortic necks versus those
with uncomplicated neck anatomy. Complicated aortic
necks were defined and categorized with 6 distinct features:
short (15mm), very short (10mm), dilated (28mm),
angulated (45 degrees), calcified, and thrombus-lined,
with or without ulceration. The neck angle was obtained
from the preoperative arteriogram, and was defined as the
angle of intersection between lines of the long axis of the
aneurysm and the long axis of the infrarenal neck. Neck
angulation greater than 65 degrees was an exclusion crite-
ria; thus for the purposes of this analysis complicated neck
angulation consisted of 45 degrees or greater and 65 de-
grees or less. Calcification and laminated thrombus, with or
without ulceration, were considered complicated features
of proximal aortic neck anatomy if more than 50% of the
Fig 1. Circumferential, ulcerated thrombus-lined aortic neck.circumference of the aortic neck was involved. Major out-come parameters included procedure time, operative blood
loss, transfusion requirements, volume of contrast material
used during the implant procedure, endoleaks, endograft
migration, limb patency, AAA expansion, conversion to
open repair, morbidity, and mortality. For the purpose of
this study, morbidity focused specifically on adverse renal
events, which were defined as renal artery occlusion, new
parenchymal infarction visible on computed tomography
(CT) scan, including segmental and small wedge-shaped
infarcts; acute increase in serum creatinine concentration to
greater than 2 mg/dL; and transient or new-onset uncon-
trolled hypertension.
Patients underwent CT postoperatively (7 days),
then at 1, 6, and 12 months, and yearly thereafter. The
standard CT follow-up protocol was used, which required a
CT section thickness of 3 mm or less, and CT scans ob-
tained with and without intravenous contrast material.
Study core laboratory personnel who were blinded per-
formed the anatomic measurements used in this study.
Proximal aortic neck diameter was recorded in the minor
axis from adventitia to adventitia at 2 to 3 mm, or 1 CT
section, below the lowest renal artery. A second infrarenal
neck diameter was defined at the CT section above the
point where the infrarenal aortic diameter increased to
greater than 3 mm from the proximal neck diameter. Neck
length was the distance between the lowest renal artery to
the second infrarenal neck diameter. AAA sac size was
defined as the maximum transverse diameter, and was
Fig 2. Talent Low Profile System endograft.consistently taken from the adventitial edge (outer diame-
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diameter change was defined as 5 mm or greater compared
with the preoperative measurement. Migration of the en-
dograft was determined by directly measuring the distance
from the lowest renal artery to themost cephalad portion of
the stent seen on CT images. As defined by the Society for
Vascular Surgery, migration implies device displacement of
10 mm or greater, or any endograft movement necessitat-
ing a secondary procedure.2
Patients who did not undergo appropriate follow-up
imaging were excluded from the analysis. In addition, in 18
cases the preoperative images were inadequate to charac-
terize the proximal aortic neck anatomy. Thus 219 patients
were assigned to the 2 study groups. When data in the
tables are presented as a ratio, variation in the denominators
is indicative of exclusion of patients because of inadequate
imaging.
For statistical analysis we used the binomial equal pro-
portion test, Fisher exact test, Wilcoxon rank-sum test,
Kaplan-Meier estimate, log-rank tests, and multivariate
analysis.
RESULTS
Two hundred thirty-seven consecutive bifurcated Tal-
ent LPS devices were implanted in a prospective multi-
center FDA phase II clinical trial. Mean follow-up was
620.5 days or 21 months. At 12 months of follow-up, 154
patients had CT data available for analysis; at 18 months of
follow-up, 104 patients had available CT data; and at 24
months and beyond, 72 patients had CT data. The distri-
bution of complicated aortic necks is presented in Table I.
Overall, aortic necks were short (32.3%), very short
(19.3%), dilated (20.2%), angulated (19.9%), calcified
(18.5%), and thrombus-lined (8.5%). More patients had
complicated neck anatomy than uncomplicated neck anat-
omy; 69.9% (153 of 219) and 30.1% (66 of 219) were
stratified to the complicated and uncomplicated groups,
respectively (P .01). Seventy-nine patients (36.1%) had 1
feature of complicated neck anatomy, and 74 patients
(33.9%) had more than 1 feature of complicated neck
anatomy. The mean number of complicated neck features
per patient was 1.21 (Table II). Two hundred five patients
Table I. Distribution of complicated neck anatomy
Type of complicated neck anatomy
Yes
n
Short neck 72/223
Very short neck 43/223
Dilated neck 45/223
Large neck angle 42/211
Calcified neck 42/227
Thrombus-lined neck 20/235
Denominator, number of patients without missing data.
*Binomial equal proportion test.(93.6%) received suprarenal endografts.There was no significant difference between the com-
plicated and the uncomplicated neck groups with regard to
procedure time, operative blood loss, transfusions, and
volume of contrast material used during the implant pro-
cedure (Table III). There was, however, a significant asso-
ciation between the incidence of adverse renal events and
complicated neck anatomy (P  .04; Table IV). The per-
centage of patients with adverse renal events was higher in
the complicated neck group (27.5%, 42 of 153) compared
with the uncomplicated neck group (13.6%, 9 of 66). In the
complicated neck group adverse renal events were relatively
evenly divided between early events (30 days; 55%, 23 of
42) and late events (30 days; 45%, 19 of 42), andwere not
statistically different. In the complicated neck group rising
creatinine concentration above 2 mg/dL was the predom-
inant adverse renal event in 74% of 42 patients with this
complication. There was 1 instance of new-onset uncon-
trolled hypertension and 1 renal artery occlusion; the re-
maining adverse renal events could be attributed to new
parenchymal infarctions seen on postoperative CT scans.
Six of 9 (67%) adverse renal events in the uncomplicated
neck group occurred early (P  .05). All adverse renal
events in the uncomplicated neck group were attributed to
acute elevation in serum creatinine concentration above
2 mg/dL. Table V reveals the results of multivariate anal-
Complicated
P*
No
% n %
2.3 151/223 67.7 .01
9.3 180/223 80.7 .01
0.2 178/223 79.8 .01
9.9 169/211 80.1 .01
8.5 185/227 81.5 .01
8.5 215/235 91.5 .01
Table II. Number of complicated neck features per
patient
Complicated neck features N %
N* 219
Mean 1.21
Median 1
Minimum-maximum 0-5
No. of complicated features
0 66 30.1
1 79 36.1
2 42 19.2
3 28 12.8
4 3 1.4
5 1 0.5
*Number of patients for whom each criterion could be determined.3
1
2
1
1ysis, and demonstrates that the odds of development of an
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calcified aortic necks (P  .02) and 2.20 times higher in
patients with angulated necks (P  .05).
The distribution of AAA sac diameter change at fol-
low-up is presented in Table VI. There were no significant
differences in regard to sac regression between the 2 study
groups; however, the number of patients with follow-up of
24 months or more was small. At 18 months of follow-up
Table III. Comparison of operative features
Complicated neck
Blood loss (mL)
N† 150
Mean 320.98
Median 225
SD 256.47
Minimum-maximum 0-1600
Procedure time (minutes)
N 153
Mean 176.99
Median 160
SD 86.5
Min-Max 20-540
Complicated necks
(N  153‡)
n %
Transfusion required
Yes 17 11.
No 135 88.
Complicated necks
Volume of contrast material (mL)
N 137
Mean 184.49
SD 99.23
Median 166
Minimum-maximum 15-540
*Wilcoxon rank-sum test.
†Number of patients with no measures missing.
‡N, Number of patients with determinable neck complication based on defi
§Fisher exact test.
N, Number of patients with nonmissing contrast volume data.
Table IV. Comparison of renal events
Complicated
necks
(N  153)
Uncomplicated
necks
(N  66)
P*n % n %
Renal complication
Yes 42 27.5 9 13.6 .04
No 111 72.5 57 86.4
N, Number of patients with determinable neck complication based on
defined criteria.
*Fisher exact test.98.1% of patients (52 of 53) in the complicated neck grouphad stable or regressing sacs, versus 96.5% of patients (28 of
29) in the uncomplicated neck group.
Primary graft limb patency was 100% in both study
groups. Fig 3 shows a Kaplan-Meier plot of freedom from
conversion to open repair. There is a statistically insignifi-
cant trend (P  .08) suggesting a greater probability of
conversion to open repair in the uncomplicated neck
group. Freedom from conversion was 96.9% and 94.6% at
24 months in the complicated and uncomplicated groups,
respectively. There were 2 conversions (12-24 months) in
the complicated neck group, and 4 conversions (1 at 1-6
Uncomplicated necks P*
63 .99
351.27
250
476.75
30-3500
66 .56
160.48
157.5
55.43
19-331
Uncomplicated necks
(N  66‡)
P§n %
7/66 10.6 .9958 87.9
Uncomplicated necks P*
60
.13
154.64
53.15
150
55-300
riteria.
Table V. Multivariate predictors of adverse renal events
Effect Estimate
Standard
error
Odds ratio
estimate P*
Very short neck 0.72 0.50 0.49 .15
Dilated neck 0.40 0.45 1.50 .37
Angulated neck 0.79 0.41 2.20 .05
Calcified neck 0.93 0.41 2.54 .02
Thrombus-lined neck 0.49 0.63 1.63 .44
*Wald test from logistic regression analysis.s
1
2
ned cmonths, 2 at 6-12 months, 1 at 24 months) in the
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sions (1 month) in either group.
All endoleak data for the 2 study groups are com-
pared in Table VII. There is a statistically significant
probability (P  .01) that favors the complicated neck
group with regard to freedom from all endoleak (Fig 4).
Most endoleaks were noted before discharge in both
study groups. At 18 months there was an incidence of all
endoleak of 4.3% and 17.1%, respectively, in the compli-
cated and uncomplicated neck groups. Kaplan-Meier
freedom from all endoleak was 65.6% and 50.8%, respec-
tively, at 24 months for the complicated and uncompli-
cated groups. Endoleak by type is defined in Table VIII.
Table VI. Change in abdominal aortic aneurysm diamete
Follow-up (mo)
Complicated necks
N
Decreased,
5 mm
Same size,
5 and 5
mm
I
n % n % n
3 95 0 0.0 94 98.9 1
6 27 7 25.9 19 70.4 1
12 85 20 23.5 65 76.5 0
18 53 20 37.7 32 60.4 1
24 12 7 58.3 2 16.7 3
30 19 9 47.4 10 52.6 0
36 10 5 50.0 5 50.0 0
N, Number of patients without missing data.
Fig 3. Kaplan-Meier plot of freedom from conversion t
complicated anatomy.Endoleaks were evenly divided between type I and TypeII, and there were essentially no differences between the
2 study groups. No type III or IV endoleaks3 were
observed.
A Kaplan-Meier plot for migration is shown in Fig 5,
and for mortality is shown in Fig 6. Early migration was not
observed in either study group. There were no statistical
differences between the 2 study groups. Freedom from
endograft migration was 87.0% and 86.9%, respectively, at
24 months for the complicated and uncomplicated groups.
Beyond 24 months there were too few patients with fol-
low-up data to reach further conclusions about the inci-
dence of migration. Freedom from all mortality was 84.3%
and 81.7%, respectively, at 24 months for the complicated
ollow-up
Uncomplicated necks
sed,
m
N
Decreased,
5 mm
Same size,
5 and 5
Increased,
5 mm
% n % n % n %
1.1 37 0 0.0 37 100.0 0 0.0
3.7 13 4 30.8 9 69.2 0 0.0
0.0 34 9 26.5 25 73.5 0 0.0
1.9 29 13 44.8 15 51.7 1 3.4
25.0 4 1 25.0 2 50.0 1 25.0
0.0 6 2 33.3 4 66.7 0 0.0
0.0 4 2 50.0 1 25.0 1 25.0
n repair. Squares, Uncomplicated neck anatomy; circles,r at f
ncrea
5 mo opeand uncomplicated groups.
JOURNAL OF VASCULAR SURGERY
Volume 40, Number 6 Fairman et al 1079DISCUSSION
This study was undertaken to evaluate the midterm
Table VII. Endoleak
Follow-up (mo)
Complicated necks
N
Yes
n % n
Pre-discharge 109 37 33.9 72
3 132 15 11.4 117
6 40 6 15.0 34
12 107 9 8.4 98
18 69 3 4.3 66
24 16 3 18.8 13
30 24 0 0.0 24
36 11 0 0.0 11
N, Number of patients with no missing data.
Fig 4. Kaplan-Meier plot of freedom from endoleak
complicated anatomy.
Table VIII. Endoleak by type
Endoleak
type
Complicated
necks
Uncomplicated
necks
Pn % n %
153 69.9 66 30.1
Type I 16 10.5 10 15.2 .38
Type II 18 11.8 8 12.1
Unknown 12 7.8 12 18.2results of the pivotal Talent LPS AAA trial, with specificfocus on measurable outcomes in 2 groups of patients,
those with complicated versus uncomplicated aortic necks.
The Talent LPS clinical trial was the first and only FDA-
approved investigational device trial that permitted physi-
cians to assess the results of EVAR in a subset of patients
with complicated neck anatomy. This endograft was engi-
neered with 2 specific design features intended to specifi-
cally address complicated neck anatomy: suprarenal fixation
with bare springs 16 mm long, and discontinuous stent
spacing. That these devices could be “customized” to
address specific anatomic issues also may have been a factor
in terms of corporate willingness for treatment in the subset
of patients with complicated neck anatomy. The use of the
term “complicated neck” may seem vague and imprecise,
Uncomplicated necks
N
Yes No
% n % n %
66.1 44 24 54.5 20 45.5
88.6 53 11 20.8 42 79.2
85.0 16 3 18.8 13 81.3
91.6 47 11 23.4 36 76.6
95.7 35 6 17.1 29 82.9
81.3 6 2 33.3 4 66.7
100.0 9 0 0.0 9 100.0
100.0 5 0 0.0 5 100.0
.01. Squares, Uncomplicated neck anatomy; circles,No. P but the anatomic criteria for the acceptable aortic neck were
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onstrated repeatedly that the results of EVAR are predi-
cated on accurate preoperative measurements and meticu-
Fig 5. Kaplan-Meier plot of freedom from migration
complicated anatomy. *Standard error exceeds 10%.
Fig 6. Kaplan-Meier plot of freedom from mortality.
anatomy. *Standard error exceeds 10%.lous patient selection based on high-quality images. Therationale for not placing endografts in patients with short,
dilated, or angulated necks predominantly concerns issues
of fixation and seal. The potential adverse consequences
.39. Squares, Uncomplicated neck anatomy; circles,
res, Uncomplicated neck anatomy; circles, complicated. P Squainclude, but are not limited to, device migration, proximal
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aneurysm sac with expansion, and conversion to open
repair. Furthermore, in a short neck with laminated throm-
bus or ulceration there is the potential for renal artery
occlusion and other adverse renal events. It was not the
intent of this study to suggest that all features of compli-
cated neck anatomy have the same potential for negative
effects on the results of EVAR. Certainly a long angulated
neck may not be so threatening to a successful outcome as
a very short angulated neck. Furthermore, the combination
of several “complicated features” is likely to create greater
vulnerability than a single feature.
In this study we looked at a variety of outcome param-
eters that could be negatively affected by the presence of
complicated aortic neck anatomy. Most patients (70%) had
complicated neck anatomy, and would have been excluded
from all other endograft device trials. Many patients (34%)
had multiple features of complicated neck anatomy. Com-
plicated neck anatomy did not prolong procedure time or
result in greater blood loss, more transfusions, or greater
contrast volume during deployment and implantation. Sac
regression or remodeling was highly favorable in both study
groups, and the incidence of sac expansion was negligible.
Endoleak analysis revealed few trends. The incidence of
type I and II endoleaks was statistically similar between the
2 study groups, and there were no observed type III or type
IV endoleaks. Most endoleaks tended to occur early, before
discharge. The finding that freedom from endoleak was
statistically of greater probability in the complicated neck
group is difficult to rationalize. Fig 4 shows freedom from
endoleak and demonstrates that after discharge the Kaplan-
Meier curves for the 2 study groups remain parallel over
time. In this instance freedom from endoleak, which im-
plies absence of endoleak at any time, was no doubt biased
by pre-discharge observations, and has little effect on the
midterm incidence of endoleak. In addition, the 24-month
data on incidence of endoleak suffers because of the num-
ber of patients for which this information is not available in
the data base. Ouriel et al demonstrated that freedom from
endoleak may be device-specific. It is likely that other
anatomic and design variables may yet be found to be
influential as well.
There was a statistically significant higher incidence of
adverse renal events in the complicated neck group. Fur-
thermore, the adverse renal events in the complicated neck
group were evenly divided between those occurring early
versus late, whereas most adverse renal events (67%) in the
uncomplicated group occurred early. The incidence of
adverse renal events may be judged as somewhat high in
both study groups, and this finding may be attributed to
the rather strictly defined inclusion criteria used to capture
these adverse renal events (see Methods). Certainly it is
likely that some or many elevated creatinine concentrations
above 2 mg/dL were transient and had little clinical effect.
Similarly, segmental or small wedge-shaped infarcts docu-
mented on CT scans may have had no short-term or
long-term clinical significance. It is important to note that
93% of all pivotal trial cases were designed with suprarenalfixation, and all patients in the complicated neck group had
suprarenal fixation. Recent work by Bockler et al5 suggests
that suprarenal fixation compared with infrarenal fixation is
associated with a higher incidence of renal infarction. Our
data suggest that other factors may also be implicated, such
as the anatomy of the proximal aortic neck. Two specific
anatomic features, the calcified proximal neck and the
angulated neck, increased the risk for an adverse renal event
2.54 and 2.20 times, respectively.
Primary graft limb patency was 100% across both study
groups. Freedom from conversion was 95% or better in
both study groups. These data should not be misinter-
preted to suggest that placing aortic endografts in the
setting of complicated neck anatomy is not technically
challenging. There are a number of technical caveats that
are relevant to the complicated aortic neck, and there is
most certainly a learning curve. It is important to angle the
C-arm cephalad to create an image that is orthogonal to the
proximal aortic neck Magnification views during deploy-
ment with the renal arteries centered will help to minimize
parallax. Occasionally a wire placed in the lower renal artery
is a helpful fluoroscopic landmark during deployment, en-
abling landing of the fabric precisely below the renal artery
orifice and averting impingement. The most challenging
cases are often short, angulated necks in which the renal
arteries come off at different levels. Although these mid-
term results are supportive of the Talent endograft in this
population of patients with complicated neck anatomy, it is
important to recognize the limitations of the current tech-
nology. It is not possible to precisely control the landing
zone for the 2 proximal figure-of-eight iridiummarker bars
during deployment. We did not perform a separate analysis
for the use of proximal extensions in the 2 study groups, but
intuitively one might expect that a greater number of
proximal extensions would be required in the complicated
neck group. The Talent endograft design is well suited to
liberal use of proximal extension cuffs, because, unlike the
AneuRx endograft, the flow divider is not vulnerable dur-
ing deployment of the proximal extension.
Freedom from device migration and mortality were
also statistically similar between the 2 study groups. Given
that the mean follow-up was only 620 days, longer fol-
low-up will be required to truly assess the issue of migration
in patients with complicated neck anatomy.
In summary, these midterm outcome parameters sug-
gest that the Talent LPS endograft may be used successfully
in the subset of patients with complicated neck anatomy.
Alternatively, the risk for adverse renal events appears to be
double that in the patient population with uncomplicated
neck anatomy, and more specifically, patients with calcified
or angulated necks are most vulnerable.
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